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In spite of the unusual interest that has been manifested in both 
the ductless glands and experimental arsenic therapy during recent 
years, the action of arsenicals upon the adrenals, which is one of the 
most constant and perhaps important features of arsenical intoxica- 
tion, has remained practically unnoted. 
This  phase  of  arsenical  action  was  first  observed  by  us  in  the 
course of our chemotherapeutic studies.  The adrenals were so con- 
stantly  involved  in  the  toxic  action  of  our  series  of  arsenicals 
that we were led to suspect that the tendency to adrenal injury was 
not peculiar to our compounds but was  shared, to a  greater or less 
degree, by other arsenicals.  We instituted a  series of experiments, 
therefore,  to  determine whether such  substances  as  arsenious  and 
arsenic  acids,  sodium  cacodylate,  atoxyl,  arsacetin,  arsenophenyl- 
glycine,  salvarsan,  and  neosalvarsan  possessed  a  similar  tendency 
to adrenal injury.  These substances were chosen as representative 
and accessible types of organic and inorganic compounds of trivalent 
and pentavalent arsenic. 
EXPERIMENTAL. 
Materials. 
The routine tests of the above named drugs were made upon male 
guinea pigs  weighing 400 to  500 grams,  though supplementary evi- 
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dence was obtained from both rabbits and dogs which were used in 
order to facilitate intravenous administration  of the drugs. 
Technique. 
Sterile solutions of the substances were injected intraperitoneally. 
The  arsenious  and  arsenic  acids  were  dissolved  in  the  theoretical 
amount  of  sodium  hydroxide  and  given  in  a  I  per  cent  solution. 
The  solutions  of salvarsan  and  neosalvarsan  were prepared  as  for 
clinical use.  All the other compounds were given in as dilute solu- 
tion  as  possible, but the concentration  necessarily varied  somewhat 
with  the  amount  of the  drug  given. 
Dose. 
On account of a lack of accurate information as to the toxic action 
of some of the arsenicals, we were forced to employ a wide range of 
doses before obtaining results that could be regarded as comparable. 
The  following figures  (Table  I)  were  found to  represent  roughly 
the doses in grams per kilo of body weight causing death in guinea 
pigs in one to three days, except in the instance of arsacetin and sal- 
varsan,  where the largest doses used are stated, though they did not 
kill. 
TABLE  I. 
Dose per kilo of body weight. 
Drug.  g.m, 
Arsenious  acid  .....................................  o.oio to o.oi2 
Arsenic  acid  .......................................  o.m5  "  0.020 
Sodium  cacodylate  (Merck)  ........................  0.700  "  I.OOO 
Atoxyl  .............................................  o.o8o  "  o.Ioo 
Arsacetin  ..........................................  0.3o0 
Arsenophenylglycine  ...............................  0.250  (or  less) 
Salvarsan  ..........................................  o.I5o 
"  rabbit  (intravenous)  .....................  o.Ioo to o.I5o 
Neosalvarsan  ......................................  o.300  "  0.350 
The effects of three types of intoxication were studied with most 
of the compounds ; i. e., the effect of an acutely fatal dose, the effect 
of single large, sublethal doses, and the effect of repeated large doses. 
Gross  evidences of injury were noted,  and  with  each  animal  the 
right  adrenal  was preserved in Zenker's  fluid;  the  anterior  half  of 
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the posterior half  in  IO per  cent formalin.  Sections  were always 
taken from corresponding levels.  The Zenker and Miiller material 
was sectioned in paraffin and stained  with hematoxylin and  eosin. 
Frozen  sections  were  made  from  the  formalin-fixed  tissue  and 
:stained  for  lipoids  with  Herxheimer's  Scharlach  R  counterstained 
with aqueous alum hematoxylin. 
As the prime object of the experiments was to determine a  single 
fact,--the presence or absence of adrenal injury as a  result of ar- 
senical intoxication--the scope of the experiments does not justify 
a  detailed  description of  the  action  of  each  compound.  The  de- 
scription given is a composite one based on the results obtained with 
the various  arsenicals upon the adrenals of the guinea pig.  Since 
all the compounds do not affect the adrenals in precisely the same 
manner, however, such peculiarities in their action as we have noted 
may be briefly indicated. 
The Normal Adrenal  of the  Guinca Pig. 
To facilitate description and as a basis for comparison, we wish to 
refer briefly to certain features of the normal adrenal of the guinea 
pig.  The  adrenals of adult male guinea pigs  of  the weights used 
show certain differences that accord in  general with  differences in 
the color of the animals.  The cortex is  grossly divisible into two 
zones : an outer waxy zone and an inner pigmented zone.  In black 
guinea pigs the adrenals are relatively large with a  narrow rim of 
waxy cortex sharply demarcated from a broad, intensely pigmented, 
inner zone.  In white guinea pigs the other extreme exists; namely, 
-small  adrenals  with  a  relatively broad  rim  of  waxy cortex which 
gradually merges with a  relatively narrow and slightly pigmented 
~inner zone.  These markings are doubly important since they fur- 
nish landmarks and standards  for gross pathological changes in the 
adrenal cortex and correspond quite accurately with the normal dis- 
tribution of lipoids  (Figs.  I  and 2). 
It so happens ~that the microscopic as  well as the gross changes 
produced by arsenicals conform so closely to  these divisions of the 
,cortex  that  they  can  be  most  conveniently  described  upon  such 
a basis of division.  Wifhout raising the question, therefore, of the 
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sions, the glomerulosa, the fasciculata, and the reticularis, we have 
used the designations, Zones I, 2, and 3.  Zone I  corresponds with 
the zona  glomerulosa;  Zone 2  with the  waxy or  lipoid-containing 
fasciculata; and Zone 3  with the pigmented portion  of the cortex 
which  is  also  easily  recognizable  with  the  microscope  on  account 
of the difference in the character of the cells of Zones 2 and 3. 
Gross  Pathological  Changes. 
Large doses of all the arsenicals tested cause an acute swelling of 
the  adrenals,  usually  accompanied  by  congestion  of  the  surface 
vessels with scattered loci and streaks of hemorrhage.  On section 
the organs are very soft; the waxy cortex appears slightly gray and 
translucent and may be  streaked  with  red.  Frequently a  distinct 
red line separates the waxy and pigmented zones.  The latter area 
is usually very soft and depressed, but rarely shows any early change 
in  its  extent or the intensity of its  pigmentation.  The medulla is 
apt 'to be poorly defined, soft, and somewhat congested. 
Later  (after  forty-eight  to  seventy-two  hours)  the  adrenals, 
though  still  swollen,  are  quite  pale.  On  section  the  organ  is 
firmer, and the waxy zone of the cortex is usually distinctly widened, 
gray, and translucent.  The pigmented cortex is narrowed and the 
intensity of pigmentation is decreased.  The original line of contact 
between these two zones is indicated by a  conspicuous narrow band 
of opaque yellow, gray, or pink tissue.  The medulla is usually nor- 
real in appearance or somewhat more conspicuous than normally. 
Microscopic Changes. 
Lipoids.--We have observed two types of alteration in the lipoid 
content of the adrenal : change in the size of the droplets and change 
in  the  amount and  dis,tribution  of  the  lipoids.  Very early,  large 
droplets of lipoid material appear among the fine granules normally 
present in the cells of Zone 2  of the cortex.  These large droplets 
are most numerous at the outer and inner edges of the zone and in 
the latter location, the junction of Zones 2 and 3, there appears to be 
an actual increase in the amount of lipoid present (Fig. 3). 
Subsequently lipoid  material  increases  in  Zone  I  and  begins  to 
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same time the amount of lipoid diminishes in Zone 2 ; this decrease is 
first apparent in the middle and inner half of the zone  (Figs.  3,  4, 
and 5).  Finally, a general depletion sets in and the lipoids disappear 
completely from the inner half of Zone 2, then from Zones I  and 3, 
leaving  only  scattered  droplets  in  the  outer  half  of  Zone  2  and 
possibly  fine  granules  at  the  line  of  separation  of  Zones 2  and  3 
(Figs. 4, 5, and 6). 
Very rarely have we been able to demonstrate lipoid material in 
true  medullary cells.  In a  few instances,  fine granules  have been 
observed in these cells. 
Vascular Changes.--In the early stages of arsenical poisoning, the 
vessels of both the cortex and medulla of the adrenal are dilated and 
filled  with  blood.  Hemorrhage  is  marked  with  some  compounds 
(arsenious  and arsenic acids and  sodium  cacodylate)  especially in 
Zone 2  of the cortex, at the junction of Zones 2  and 3, and between 
the  cortex and  medulla  (Fig.  7)-  Hyaline or  leucocytic thrombi 
are occasionally seen in the vascular spaces and a  slight  leucocytic 
exudate and interstitial edema are  frequently present. 
Cellular  and  Structural  .dlterations.--The  cortical  cells  of  the 
adrenal show a variety of degenerative changes.  The cells of Zone 
I  are usually swollen; their cytoplasm is granular and slightly vacu- 
olated.  The  cells  of  Zone  2  suffer  most:  the  sharp  outlines  and 
spongy cytoplasm of these cells are soon lost; they become irregular, 
ragged, granular, and vacuolated ; some are enormously swollen with 
pale-staining  cytoplasm while others  are  shrunken.  Hyaline  cells 
are seen here and there and necrotic cells are numerous in extreme 
cases.  All these cellular changes are again most pronounced at the 
. junction of Zones 2  and 3  (Fig. 8).  In Zone 3, cells that are usu- 
ally finely granular show some small vacuoles and a  coarsely gran- 
ular  or  hyaline  cytoplasm.  Necrotic  cells  in  this  zone  are  most 
numerous at its inner edge. 
The architecture of the cortex is  frequently disturbed.  The cell 
columns may be broken up and the cells appear completely isolated 
or in irregular clumps and columns. 
The  cells  of  the medulla also  show  evidence of  injury.  They 
are frequently ragged with scant, pale-staining,  granular cytoplasm 
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change, with some compounds, is the presence of large numbers of 
colloid droplets within and among the cells of the medulla (Fig. 9). 
Necrotic cells may be numerous. 
Chroma.~in.--All the arsenicals that we have tested exercise some 
influence upon the chromaffin content of the adrenal.  Some com- 
pounds  (arsenious and arsenic acids)  seem to cause but a  slight re- 
duction  in  the  chromaffin content  as  judged  by  the  color  of  the 
medullary cells of tissue fixed in Miiller's fluid.  Judged by the same 
standards,  other  arsenicals  produce  an  extreme  depletion  of  the 
chromaffin  (sodium  cacodylate,  salvarsan,  and  neosalvarsan)  as 
shown by comparing Figs.  IO,  I I, and  12. 
Recovery.--The injury phase of the action of arsenicals upon the 
adrenals develops with a varying rapidity and persists for a variable 
length of time; with some compounds the changes develop rapidly 
and recovery is equally rapid,  while with others the reverse is  true. 
Regeneration of  cortical cells  is  usually rapid  and  mitotic  figures 
may be seen as early as twenty-four hours after the administration 
of the drug but are not numerous until  forty-eight to  seventy-two 
hours  (Fig.  13).  Here activity is  most marked in  the outer half 
of Zone 2.  Six to twelve mitotic figures frequently occur in a single 
high  power  field  of  the  microscope.  Mitotic  division  occurs  to 
a  limited degree in  the  cells  of  Zones  I  and  3.  The  cells  of  the 
medulla  also  regenerate  by  mitotic  division  (Fig.  i4).  We 
observed  mito'tic  figures  in  these  cells  in  several  instances  after 
sodium cacodylate, atoxyl, and arsenophenylglycine, but  they were 
never numerous. 
Perhaps as a sequel to the injury produced in the medulla, round- 
celled or polyblastic infiltration is of frequent occurrence and is usu- 
ally accompanied by some fibroblasts and an increase in endothelial 
cells  (Figs.  I5 and  I6).  To a  less degree changes similar to those 
in  Fig.  I6  have  been  seen  in  control  animals,  which  leaves  some 
doubt as to the significance of this particular type of infiltration. 
DISCUSSION. 
Thus  far, all the compounds of arsenic that we have tested have 
exhibited a  definite action upon the adrenals of the guinea pig, but 
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are  identical  for  all  arsenicals.  On  the  contrary,  while  certain 
features of the action appear to be  common to a  number of com- 
pounds, other features of the action may be quite distinctive.  Thus, 
arsenious  acid  and  sodium cacodylate show  a  strong tendency to 
produce  congestion and  hemorrhages in  the  adrenals,  while  such 
compounds  as  arsenophenylglycine and  arsacetin  produce  most 
marked disturbances in the lipoid content, with but slight tendency 
to congestion or hemorrhage.  In like manner, arsenious acid seems 
to cause relatively slight alteration in the chromaffin content, while 
sodium  cacodylate acts  strongly on  the  medullary cells. 
We must also recognize the  fact that the relative importance of 
adrenal injury in the lesion-complex is another variable.  With some 
arsenicals  the  effect  upon  the  adrenals  may  be  distinctly  over- 
shadowed by injury to  other organs,  while with other compounds 
the injury inflicted upon the adrenals plays a prominent part in the 
toxic manifestations. 
We  may conclude,  therefore, that  some  factor  other  than  the 
mere presence of arsenic must exercise a distinct influence upon the 
activity of  these  compounds;  namely,  their  chemical constitution. 
Finally we must differentiate between the  action of toxic doses 
and the action of therapeutic doses of arsenicals upon the adrenals. 
Since the action of toxic doses indicates a strong selective affinity of 
the adrenals  for compound's  of arsenic, we may legitimately infer 
that with therapeutic doses injury might give place to stimulation, a 
conception which clinical experience with some arsenicals seems to 
justify. 
However,  generalizations as  to  the  action  of  arsenicals  on  the 
adrenals  should  be  made  with  caution.  From  these  experiments 
concerning the action of compounds of arsenic upon the adrenals, 
we believe that a wide field of investigation has been opened up and 
that  future work will justify our belief in  the  importance of the 
action of arsenicals upon the adrenals. 
SUMMARY. 
I.  Toxic doses of all arsenicals of which we have any knowledge 
produce definite pathological changes in the adrenals of guinea pigs. 
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lipoid content, cellular degenerations and necroses, and reduction in 
the chromaffin content. 
2.  The character and severity of the injury produced by different 
arsenicals varies with the chemical constitution of the compounds. 
3.  From these facts, we believe that adrenal injury is an important 
factor in arsenical intoxication and suggest that therapeutic doses 
of some arsenicals may produce adrenal stimulation. 
EXPLANATION  OF  PLATES. 
The  illustrations  are  all  from  untouched  photomicrographs.  Those  showing 
lipoids  are  from  frozen  sections  stained with Herxheimer's Seharlach R  counter- 
stained  with  aqueous  alum  hematoxylin.  Figures  showing  chromaffin are  from 
tissue fixed in Mfiller's fluid and stained with hematoxylin and eosin.  All doses 
of drugs are expressed in gm. per kilo of body weight. 
Changes in the Lipoids  of the Adrenal Cortex. 
PLATE 68. 
FIG.  I.  Lipoids  of  normal  adrenal  cortex.  Black  male  guinea  pig.  The 
lipoid, which appears as black granules,  is  sharply confined to  the relatively nar- 
row outer rim of the cortex.  X  80. 
FIG.  2.  Lipoid  of  normal  adrenal  cortex.  White  male  guinea  pig.  The 
lipoid  extends  over more  than one-half  of  the  cortex  and  is  irregularly  demar- 
cated at the inner edge of  the zone.  X  80. 
FIG.  3.  Increase in  the amount  of  demonstrable lipoid  and  an  abnormal  dis- 
tribution  produced  by  arsenophenylglycine  0.250  gm.  Animal  killed  after  48 
hours.  The lipoid is distributed over the entire cortex and is especially abundant 
at  the  junction  of  Zones  2  and  3.  The  photographic  intensity  of  the  lipoid  in 
this figure had to be considerably suppressed  in the original photomicrograph  in 
order to preserve  some detail.  X  8o. 
PLATE 69. 
FIG. 4.  A  later stage of the same type of change as that in Fig. 3.  A  distinct 
decrease  of  the  lipoids  is  here  apparent  in  the  inner  half  of  Zone  2.  2  doses 
of arsenophenyIg|ycine o.Ioo gin., followed on the 5th day by arsenophenylglycine 
0.050  gin.  Animal  died  in  24  hours.  No  postmortem  decomposition.  X  80. 
FIG.  5-  Still more  pronounced  change in  the amount,  distribution,  and  char- 
acter of the lipoid droplets.  Neosalvarsan  0.300 gm.  Guinea pig killed after  48 
hours.  X  80. 
FIG. 6.  Extreme  depletion of lipoids produced by 4  doses of  arsacetin  (o.Ioo, 
0.200, o.200, 0.200 gin.) within 16 days.  Guinea pig killed  3  days after the last dose. 
The lipoid is  mostly in the  form  of  large  droplets  with  some very fine granules 
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Congestion, Hemorrhage,  and  Degeneration. 
PLATE 70. 
FIG. 7.  Congestion and  hemorrhage in the cortex of the adrenal produced by 
2  doses  of  sodium  cacodylate 0.700  gm.  in  4  days.  Guinea  pig  died  on  the  5th 
day.  Hemorrhage  is  most  marked  in  the  inner  half  of  Zone  2.  The  cortical 
cells also  show  degeneration  and vacuolization.  X  200. 
FIG.  8.  Degeneration  of the cells of the midzone of  the adrenal  cortex with 
slight  leucocytic infiltration  resulting  from  arsenophenylglycine.  Same  adrenal 
as in Fig. 4-  X2oo. 
FIG. 9.  Colloid degeneration  of  medulla  of the  adrenal.  Same  animal  as  in 
Figs. 4  and  8.  X  775. 
Changes in  the Chroma~fin. 
PLATE 7 I. 
FIG.  IO.  Chromalffin of adrenal of normal guinea pig.  X 2oo. 
FIG.  II.  Reduction  in  the chromaffin  content  of  the  medulla  with  shrinkage 
and  degeneration  of  medullary  cells.  Sodium  cacodylate  0.7oo  gm.  Guinea  pig 
killed after  48 hours.  X 200. 
FIG.  I2.  Reduction  of  chromaiTin  after  2  doses  of  neosalvarsan  (o.I9o  gin. 
and  o.5oo gm.)  on the 5th  day.  Died within  I8 hours.  No postmortem  decom- 
position.  X  2oo. 
Regeneration  of Adrenal  Cells. 
PLATE 72. 
FIG.  I3.  Cortical  regeneration.  Neosalvarsan  0.300  gin.  Killed  after  48 
hours.  X  70o. 
FIG.  I4.  Mitosis  in  cell of medulla.  Atoxyl, 3  doses  of o.o5o  gin.  in  5  days. 
Guinea pig killed 3  days  after  last  dose.  X  600. 
Infiltration  in  the  Medulla. 
PLATE 73. 
FIG.  15.  Infiltration  of  polymorphonuclear  leucocytes  and  polyblasts  into  a 
degenerated  area  of  the  medulla.  Arsenophenylglycine.  Same  adrenal  as  in 
Figs. 4, 8,  and 9.  X7  oo. 
FIG.  I6.  Infiltration  of  lymphocytes  and  fibroblasts  in  the  medulla  of  the 
adrenal.  Arsenious  acid 0.005  gm.  Killed after 3  days. 